Anatomical and functional damage to the liver have been demonstrated in patients with heart failure (Sherlock, 1951; White et al., 1951 White et al., , 1955 , but the relation between histological and biochemical changes is not close. We have repeatedly observed evidence of liver failure occurring unexpectedly after an uneventful operation for advanced heart disease, and this suggested that the study of liver function by sensitive and varied methods in patients with differing degrees of congestion of the liver might throw some light on the mechanism of the liver disorder and might indicate a method of selecting the patients at risk from this complication of surgical treatment.
intervals when blood levels were constant. The Cambridge dye-dilution ear-piece was used to ensure a constant arterial level of the dye. Before starting the infusion an initial measured priming dose of indocyanine green was rapidly injected intravenously, and arterial samples taken frequently during the next ten minutes for calculation of plasma volume by extrapolation of the curve to zero time.
Following the determination of hepatic blood flow, the BSP infusion test was carried out as described by Wheeler, Meltzer, and Bradley (1960b) .
Liver biopsy, using the Vim-Silverman needle, was performed without complications in 3 patients, and the liver was examined histologically very soon after death in 4 additional patients who died subsequently.
Arterial oxygen saturation was measured by means of a Kipp hemoreflector.
Note on the BSP Tests. The standard test consisted of measurement of BSP concentration in arterial blood exactly 45 minutes after a single intravenous injection of 5 mg./kg. body weight. The normal result is taken as a retention of less than 5 per cent at 45 minutes.
This simple test has been widely used as a sensitive and relatively specific test of liver function. However, prolonged infusion of BSP into the circulation might be expected to provide a greater challenge to the removal capacity of the liver, and might therefore be a very sensitive method of estimating this type of function. Furthermore, the method can be adapted to give information about the disturbances of physiological mechanisms responsible for removal of BSP from the circulation.
The handling of BSP by the liver has two components, first a storage phase (S) within the liver, which is directly proportional to the plasma level, and secondly secretion of the dye into the bile (Cantarow et al., 1948; Wheeler et al., 1960a, b; Schoenfield, Foulk, and Butt, 1964a) . There is evidence (Wheeler et al., 1960a, b; Schoenfield, McGill, and Foulk, 1964b ) that secretion of BSP into the bile is limited by a maximal rate which has been termed the transport maximum (Tm). Wheeler et al. (1960b) have shown that a study of blood levels during infusions of BSP at different rates can be used in man to obtain measurements of hepatic storage capacity and transport maximum for BSP.
Since the procedure is rather complex, we felt it desirable to ensure that in our hands the method gave results comparable with those of other authors. Measurements were, therefore, made on 3 healthy volunteers, and all gave results, both for S and Tm, which were well within the normal ranges obtained by all other authors.
The lower limit of normal for Tm is probably not less than about 5 5 mg./min. (Wheeler et al., 1960b; Combes et al., 1963; Williams et al., 1964; Schoenfield et al., 1964a) . The lower limit of normal for S is not yet clearly defined. In the original series of Wheeler et al. (1960b) the lowest value quoted for S in a normal subject was 23 mg./mg./100 ml., but the scatter of values is rather wide, while in the series of normal females reported by Combes et al. (1963) the lowest value obtained was 263 mg./mg./100 ml. In the normal subjects of Schoenfield et al. (1964a) the lowest value for S was 39 3 mg./mg./100 ml. and 2 standard deviations from the mean gives a lower limit of normal of about 32 mg./mg./100 ml., while Williams et al. (1964) refer to results in which a similar lower limit would be about 41 mg./mg./100 ml. In all it appears that the lower limit of normal for S is unlikely to be below about 20 mg./mg./100 ml.
RESULTS
Patients and their diagnoses and treatments together with the results of the special BSP studies are listed in the Table. Arterial oxygen saturation was above 89 per cent in all 13 patients in whom it was measured. Right atrial pressures ranged from 5 to 35 mm. Hg above the sternal angle. The correlation between right atrial pressure and the standard BSP test is noted below.
Serum bilirubin was less than 1 mg./l00 ml. in 6 out of 13 patients and less than 2 mg./100 ml. in 12 out of 13 patients. There was no significant correlation between serum bilirubin and S or Tm.
Abnormalities in other routine liver function tests appeared in only 6 patients in all. The only abnormalities found were in serum albumin (4 patients), prothrombin time (3 patients), and alkaline phosphatase (3 patients). Of these 6 patients, 3 had the lowest recorded values for S and Tm.
Hepatic blood flow was measured in 5 subjects, including the 2 with the lowest values for S, and the lowest value obtained was 420 ml./sq. m./min., and thus all measurements were above the lower limit of normal obtained by Leevy et al. (1962) for this method.
The standard BSP test was abnormal in every one of the 10 patients in whom it was performed, and the degree of abnormality was closely related to the height of the right atrial pressure (p <0 -001) (Fig. 1) . The BSP infusion test was performed in all 14 patients. If the figure of 20 mg./mg./100 ml. is taken as the lower limit of normal for S, then only about one-third of our patients had abnormal values (Table and Fig . 2 ). Using 5-5 mg./min. as the lower limit of normal for Tm, this was abnormal in all except 2 of our patients (Table and Fig . 2) , and of these 2, one had only a raised right atrial pressure and had never had clinical signs of congestive heart failure, and the other had had right heart failure for only two weeks and in this latter patient the Tm was only just above the lower limit of normal at 5-6 mg./min. There was a statistically significant relationship (p<005) between the result of the standard BSP test and both S and Tm.
Studies were repeated following relief of venous congestion in 5 patients. In 3 this was achieved by operation and in 2 by medical treatment. In 4 patients with serum bilirubin levels above 1 mg./ 100 ml. the value had returned to normal after treatment in each case. The standard BSP test showed clear improvement in all 5 patients, but in no patient was it back to normal after treatment. Treatment was followed by a conspicuous rise in S in 2 patients and a similar rise in Tm in 2 patients, with changes probably within the limits of error of the methods in the remainder (Fig. 3) . The one patient with a poor response to treatment showed very little change in S or Tm. Histology in the 7 patients (3 by biopsy and 4 at necropsy) showed no evidence of cardiac cirrhosis, and these included the most severe examples of functional disorder.
DISCUSSION
The results of this study confirm that severe impairment of liver function may occur in heart failure. suggested might occur (Sherlock, 1945) .
Apart from these slight rises in serum bilirubin, abnormalities in any of the commonly used liver function tests were infrequent in these patients. Transaminases and turbidity tests were normal in all, and abnormalities in one or other of prothrombin time, alkaline phosphatase or plasma albumin concentration occurred in only 6 patients, usually only when hepatic storage capacity was severely depressed. Thus, it appears that the conventional liver function tests reflect only severe functional impairment in the liver damage of heart failure.
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In contrast, the standard BSP clearance test was always abnormal in these patients, and would thus appear to be a very sensitive index in this type of liver damage. The removal of BSP from the circulation is probably not interfered with by bilirubin unless the concentration of bilirubin is greater than about 2 mg./100 ml. (Zieve, Hanson, and Hill, 1951) , and thus the small increases in serum bilirubin could not explain the abnormal BSP tests in these patients.
Assuming a lower limit of normal for transport maximum of 5 5 mg./min., values were abnormal in all except 2 of our patients, and of these 2 one had only a raised right atrial pressure and had never had clinical signs of congestive heart failure, and the other had been in heart failure for only two weeks, and in this latter patient the Tm was only just above the lower limit of normal. It therefore appears likely that the Tm is affected early in the course of congestion of the liver.
Assuming a lower limit of normal for S of 20 mg./mg./100 ml., only about one-third of these patients had abnormal results, while even if the lower limit of normal is put as high as 40 mg./mg./ 100 ml. only about two-thirds of the results were abnormal, suggesting that perhaps storage capacity is affected later than excretory capacity in the congested liver. In confirmation of this it was found that in no patient was the storage phase (S) grossly abnormal unless the congestion was severe, or of some years' duration, or both. Even though the load of BSP presented to the liver is very much greater in estimating S and Tm than in the standard test, it might be expected that the results would be related, and both S and Tm did show a significant correlation with the standard test.
The results of this study suggest that the mechanism responsible for the abnormalities of liver function in advanced heart disease may be the venous congestion alone. Evidence in favour of this is the highly significant correlation between the right atrial pressure and the standard BSP test, in confirmation of the findings of other workers (Evans et al., 1952) , and the improvement in this test after treatment. The normal values for S and Tm in control subjects and in some of the patients makes it unlikely that the premedication contributed significantly to the low results. The notable rises in S and Tm that can occur after relief of the congestion by medical or surgical treatment also suggest that impairment of function might be directly due to the congestion. In the patients treated medically, improvement in the removal of BSP from the circulation might also be explained by the stimulation of microsomal enzyme activity by some of the drugs used (Fouts, 1963; Burns, Conney, and Koster, 1963) , enabling the infused BSP to be metabolized more rapidly. However, in 3 of our patients, improvement followed operation, and in 2 of these no drugs were being administered for some weeks before the second series of measurements. This too would favour the view that congestion itself directly impairs liver function and that relief of congestion can result directly in improvement.
A reduction in blood flow to the liver may occur in some patients with heart failure (Myers and Hickam, 1948) , but this did not appear to contribute to the mechanism of liver damage in our patients since measurements showed normal liver blood flow even in those with the most severe abnormalities in the BSP tests. Though significant arterial unsaturation was not present in these patients, in the absence of information about the oxygen content of the portal blood reaching the liver it is unwise to rule out the possibility that anoxia contributed to the impairment of liver function, though this seems unlikely.
Cardiac cirrhosis was not found in any of the 7 patients in whom histology was available, and thus the abnormalities cannot be attributed to liver damage consequent upon fibrosis, and presumably the derangements in liver function in all these patients were potentially reversible.
In attempting to determine the patients at risk from liver failure after major cardiac surgery we wished to compare a number of tests of liver function to decide which were both sensitive enough and simple enough to be used as a routine, and it appears that the conventional BSP retention test satisfies both these requirements.
We have shown that severe functional impairment of the liver occurs without cardiac cirrhosis, and in view of the poor correlation between the more minor histological changes and biochemical abnormalities it seems that liver biopsy is unlikely to be of much help in the assessment of patients for major heart surgery.
The BSP infusion test provides information about the mechanism of the functional abnormality, but is extremely time-consuming for routine use. Its value in indicating the risks of operation in these patients can only be defined by a large series of measurements, but it is suggestive that our patient with the lowest value both for S and Tm developed post-operative jaundice.
This study indicates the need for reopening the question of liver damage in heart failure in the context of the selection of patients for major cardiac operations. The results suggest that the standard BSP retention test and right atrial pressure may be valuable and convenient parameters for repeated observations in a large-scale prospective study.
SUMMARY AND CONCLUSIONS Liver function tests including measurement of hepatic blood flow, and storage and transport functions of the liver for bromsulphthalein have been performed in 14 patients with advanced heart disease and hepatic venous congestion.
The more usual tests were often normal despite considerable impairment of function as indicated by the BSP tests.
The standard BSP retention test was abnormal in all patients and closely paralleled the right atrial pressure. The transport maximum for BSP was abnormal in almost all patients, while storage capacity for BSP was abnormal only if congestion was of some years' duration or if there were gross physical signs or both.
Histology and measurements of hepatic blood flow demonstrated that these abnormalities in liver function were not due to cardiac cirrhosis or to impairment of blood flow to the liver.
Improvement in liver function after medical or surgical treatment, together with the close relationship between the standard BSP test and right atrial pressure, confirmed that congestion itself was the basic cause of the liver dysfunction.
In view of the occurrence of liver failure following major cardiac surgery, it is suggested that assessment of liver function may be of help in defining the patients at risk, and that the standard BSP test may be a convenient test for repeated routine use.
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